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DNA஧㔜䝷䝉䞁ᵓ㐀䛿䚸䝽䝖䝋䞁䞉䜽䝸䝑䜽䛾ᥦၐ䛧䛯䝰䝕䝹䠄B-DNA䠅[1]䛜䚸⏕యෆ䛷䛾୺せ䛺ᵓ㐀䛷䛒䜛䛸⪃䛘䜙䜜䛶䛔䜛䚹௚䛾ᵓ㐀䜒▱䜙䜜䛶䛔䜛
䛜䚸DNA䜢㧗⃰ᗘ䛾䜶䝍䝜䞊䝹⁐ᾮ(20-30%)䛻ᾐ䛩[2]䚸䝀䝹≧䛻䛧䛯䜒䛾䛛䜙Ỉศ䜢ῶ䜙䛧䛶஝⇱䛥䛫䜛䛺䛹䛾ฎ⌮䛻䜘䛳䛶ேᕤⓗ䛻స䜙䜜䛯ᵓ㐀
䠄A-DNA䛺䛹䠅[3]䛷䛒䜛䚹䛣䜜䜙䛾ᐇ㦂᮲௳䛜䚸⣽⬊ෆ䛷䛾⁐ᾮ᮲௳䛸䛿኱䛝䛟䛛䛡㞳䜜䛶䛔䜛䛣䛸䛛䜙䜒䚸Ỉ⁐ᾮෆ䛷䛾ᵓ㐀䛿䚸୺䛸䛧䛶B-DNA䛷䛒
䜛䛸⪃䛘䜙䜜䜛䜘䛖䛻䛺䛳䛯䚹䛣䛾Ⅼ䛿䚸NMRゎᯒ䛾⤖ᯝ䠄ศᏊ㔞䛜ᑠ䛥䛺ศᏊ䛻㝈䜙䜜䜛䠅䜔㛫᥋ⓗ䛻෇೫ග஧Ⰽᛶ䠄CD䠅䜢䜒䛸䛻ᚓ䛯䝕䞊䝍[2]䛸䜒
▩┪䛧䛺䛔䚹䜘䜚┤᥋ⓗ䛻㧗䛔⢭ᗘ䛷䚸䜎䛯䚸୍⯡䛻Ᏻᐃ䛧䛯஧㔜䝷䝉䞁ᵓ㐀䜢䛸䜛䛸⪃䛘䜙䜜䜛ᩘⓒሷᇶᑐ௨ୖ䛾㛗䛔DNAศᏊ䜢⏝䛔䚸Ỉ⁐ᾮ୰
䛷䛾DNAศᏊ䛾ືែ䜢䠴⥺⧄⥔ᅇᢡἲ䛻䜘䜚ㄪ䜉䜛䛣䛸䛜䚸ᮏ◊✲䛾┠ⓗ䛷䛒䜛䚹䠴⥺⧄⥔ᅇᢡἲ䜢⏝䛔䜜䜀䚸⣽⬊ෆ䛾⏕⌮ⓗ䛺≧ែ䛻䜘䜚㏆䛔ศ
Ꮚᵓ㐀䜔䛭䛾ືែ䜢ㄪ䜉䜛䛣䛸䛜䛷䛝䜛䛸ᮇᚅ䛧䛶䛔䜛䚹ᚤᑠ⟶䜔䝁䝷䞊䝀䞁⧄⥔䛺䛹䛾䝍䞁䝟䜽⧄⥔䛸ẚ㍑䛩䜛䛸DNA䛻䜘䜛䠴⥺ᅇᢡಙྕ䛿ᙅ䛔䜒
䛾䛾䚸኱ᆺᨺᑕග᪋タSPring-8䛻䛚䛡䜛㧗㍤ᗘ䠴⥺䝡䞊䝮䠄BL45䠅䜢⏝䛔䜛䛣䛸䛷䚸ᩘ⛊㛫䛾↷ᑕ䛷ᅇᢡ䝕䞊䝍䜢཰㞟䛷䛝䚸䜎䛯䚸᫬㛫ⓗ䛺ᵓ㐀ኚ໬
䜢㏣㊧䛩䜛ᐇ㦂䜒ྍ⬟䛷䛒䜛䛣䛸䛜䜟䛛䛳䛯䚹஧㔜䝷䝉䞁DNA䛾᪂䛯䛺≉ᛶ䚸๧᩿ὶ䛻䜘䜛ᵓ㐀ⓗ䛺㑄⛣䛜ほᐹ䛥䜜䛯䛾䛷䚸䛭䛾⤖ᯝ䜢ሗ࿌䛩䜛䚹
ᩥ⊩ [1] J.D. Watson & F.H.C. Crick, Nature, 4356 (1953) 737-738.  [2] V.I. Ivanov et al., J. Mol. Biol. 87 (1974) 817-833.  [3] W. Fuller et al., Phil. Trans. R. Soc. Lond. B, 
359 (2004) 1237–1248.  [4] T. Sugiyama et al., Biophys. J., 97 (2009) 3132–3138.  [5] K. Oiwa et al., Meth. Cell Biol., 91 (2009) 89–109. [6] S. Toba et al., Biophys. J., 108 
82015) 2843–2853.
B-DNA࡜A-DNA
ᅗ䛾ᕥഃ䛿B-DNA䠄0.34 nm/bp, 3.4 nm/turn䠅䚸ྑഃ䛿A-DNA
䠄0.26 nm/bp, 2.82 nm/turn䠅䛾஧㔜䝷䝉䞁ᵓ㐀䜢♧䛩䚹䛭䜜
䛮䜜䚸ศᏊᶍᆺ䛸䝀䝹≧ヨᩱ䛛䜙ᚓ䜙䜜䜛X⥺⧄⥔ᅇᢡീ䜢♧
䛩[3]䚹A-DNA䛿䚸䜘䜚䝷䝉䞁䛜ᐦ䛻ᕳ䛛䜜䚸▷䛔䝢䝑䝏䛸䛺䜛ᵓ㐀
䛷䛒䜛䚹ᚄ䜒䜔䜔ᑠ䛥䛔䛯䜑䛻䚸⧄⥔ᅇᢡീ䛿䚸䜘䜚୰ᚰᐤ䜚䛾
ಙྕ䠄ప䛔✵㛫࿘Ἴᩘᡂศ䠅䛜ከ䛟䛺䜛䚹䜘䜚䚸▷⦰䛧䛯ᵓ㐀
䠄ύሷᇶ䠅䛸ゝ䛘䜛䚹
Ỉ⁐ᾮ୰ࡢDNAᅇᢡീ
ྑᅗ䛿䚸䝙䝆䝬䝇⢭ᏊDNA䠄ᖹᆒ
㛗䚸200bp)䛻๧᩿ὶ䜢୚䛘䛯᫬䛾
䠴⥺ᅇᢡീ䛷䛒䜛䚹⣙2,000s-1䛾๧
᩿ὶ䜢10-20ศ୚䛘䛶䜒䚸≉䛻ὶ
䜜᪉ྥ䛻㓄ྥ䛩䜛ᵝᏊ䛿ぢ䜙䜜
䛺䛛䛳䛯䚹䛣䜜䛿䚸DNA⃰ᗘ䛾㧗
䛔Ⅼ䠄250mg/mL)䚸ศᏊ㛗䛜୙ᥞ
䛔䛷䛒䜛Ⅼ䛜ཎᅉ䛸⪃䛘䜙䜜䜛䚹
๧᩿ὶ䜢୚䛘䜛䛸䚸ᮏ◊✲䛷䛿䚸ᵓ㐀ኚ໬䛩䜛ᵝᏊ䛜ほᐹ䛥䜜䚸ᖹᆒ2.4 nm䛾
࿘ᮇᵓ㐀䛿ぢ䜙䜜䜛䛣䛸䛜᫂䜙䛛䛻䛺䛳䛯䚹Ỉ⁐ᾮ୰䛷䛾ᵓ㐀ኚ໬䛜㉳䛣䜛䛣
䛸䜢♧䛩ึ䜑䛶䛾䝕䞊䝍䛷䛒䜛䚹๧᩿ὶ䛻䜘䛳䛶ぢ䛛䛡ୖ䛾䝷䝉䞁䝢䝑䝏䛜ῶ
ᑡ䛩䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛯䚹
ᵓ㐀ኚ໬ࡢ᫬㛫⤒㐣
䠴⥺ᅇᢡ䛾≉ᚩ䛿䚸⤒᫬ⓗ䛺ኚ໬䛜
ᐜ᫆䛻㏣㊧䛷䛝䜛Ⅼ䛷䛒䜛䚹ྑᅗ䛿䚸
2350 s-1䛾๧᩿ὶ䜢୚䛘䛯᫬䛾᫬㛫
⤒㐣䠄ୖഃ䚸16ศ㛫䛾ኚ໬䠅䚸䛚䜘䜃䚸
๧᩿ὶ䜢ⴠ䛸䛧䛯᫬䛾᫬㛫⤒㐣䠄ୗ
ഃ䚸110⛊㛫䛾ኚ໬䠅䜢♧䛧䛯䜒䛾䛷
䛒䜛䚹๧᩿ὶ᮲௳ୗ䛷䚸4䡚5ศ䛷䚸ᅇ
⿦⨨ࡢᴫせ
ᮏ◊✲䛾኱䛝䛺ᡂᯝ䛿䚸䠴⥺⧄⥔ᅇᢡ䜢ほᐹ䛧䛴䛴䚸๧᩿ὶ䜢
୚䛘䜛㓄ྥ⿦⨨䛾᏶ᡂ䛷䛒䜛[4-6]䠄ㄽᩥᢞ✏୰䠅䚹ᩘ10䡚
4,000 s-1䛾๧᩿ὶ䜢୚䛘䛴䛴䚸4䡚40Υ䛾⠊ᅖ䛷 ᗘ᮲௳䜒
䝁䞁䝖䝻䞊䝹䛷䛝䜛䜘䛖䛻䛺䛳䛯䚹ⷧ䛔䜺䝷䝇ᯈ䛾㛫䛻ヨᩱ䜢䛿
䛥䜏䚸∦᪉䜢2䡚20 rps䛷ᅇ㌿䛥䛫䜛䛣䛸䛷๧᩿ὶ䜢୚䛘䜛䚹
ᢡಙྕ䛜ኚ໬䜢ጞ䜑䚸10䡚16ศ㛫䛻䛿Ᏻᐃ䛧䛯2.4 nmಙྕ䛜ᚓ䜙䜜䜛䛣䛸䛜䜟
䛛䛳䛯䚹䛣䛾ᵓ㐀ኚ໬䛿᏶඲䛻ྍ㏫ⓗ䛷䚸๧᩿ὶ㏿䜢పୗ䛥䛫䛯ᚋ䚸ᩘ༑⛊௨ෆ
䛷ᛴ㏿䛻ඖ䛻ᡠ䜛䛣䛸䛜䜟䛛䜛䠄ୗഃ䛾⦪䛾䝇䜿䞊䝹䛜␗䛺䜛Ⅼ䛻ὀព䠅䚹
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The GHS attack is known to map the discrete logarithm problem (DLP) in the Jacobian of a curve C_0 defined over the d degree
extension  of a finite field k  to the DLP in the Jacobian of a new curve over k which is a covering curve of C_0 . This attack is very
powerful. e.g., in the case of  d=3, security of ECC with 160-bit key length is reduced to security of 107-bits. In this research, we
show a complete classification of all elliptic curves subjected to the GHS attack over prime degree extensions of finite fields with
odd characteristic. Furthermore, we  present a detailed analysis on k-isomorphic classes of these curves. In particular, we show 
orbit-decomposition of them under action of PGL(2, k) in case of d= 2 and evaluate genera of C over k among each PGL-orbits.
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